Parastomal hernia is a common surgical problem which is associated with discomfort and irritation in addition to acute complications. This review presents the history, different classifications and terms which are used to describe parastomal herniation. It also details the different techniques for parastomal hernia diagnosis and presents evidencebased risk factors associated with its occurrence. It gives a detailed overview of modern treatment options and discusses different strategies for repair of parastomal hernia as well as advantages and disadvantages for each technique.
Introduction
In surgical practice there is almost a daily necessity to fashion a diverting stoma with the earliest documented stoma created in 1710 by Alexis Littre [1] . Most stomas are formed as a temporary measure, but some are permanent. The most frequent complication of stoma creation is parastomal hernia (PH) which is defined as an incisional hernia related to a stoma site. Goligher is often cited for the statement that PH formation is an almost inevitable consequence of stoma formation [2] .
Classification and Diagnosis of PH
The revised classification of Devlin and Kingsnorth for PH includes four subtypes: interstitial with a hernial sac within the muscle and aponeurotic layers of the abdomen, subcutaneous with a subcutaneous hernial sac, intrastomal in ileostomies with a hernial sac between the intestinal wall and the everted intestinal layer and peristomal with the bowel prolapsing through a circumferential hernial sac enclosing the aperture also known as prolapsed stoma [3] . Recently, other classifications were offered using clinical as well as other diagnostic methods in order to differentiate types of PH [4] . These diverse classifications represent not only terminological differences but signify the complexity of estimating the precise incidence of PH which varies between 5% and 52.0% of all stoma formations [2] .
As a rule, PH diagnosis is made by physical examination. The patient needs to be examined in an erect and supine position with the abdomen exposed. Frequently a bulge is noticed which is more evident if the patient coughs or performs straight leg rising in the supine position. The examiner's hand is laid near the stoma site to enable the impulse to be felt. When there is a doubt additional imaging tests can be performed [5, 6] . The use of imaging tools has increased and small PH are being discovered as an incidental finding in a CT performed for a different reason. Nevertheless, any attempt to rule out a diagnosis of PH should be delayed for at least 12 months after its creation, as some authors stress the importance of a prolonged post-operative period before estimating PH occurrence [2] .
Risk Factor for the Development of PH
The risk factors related to PH occurrence are listed in Table  1 . Similar to other incisional hernias, the risk for the development of PH is influenced by several factors which can be divid- [7] . This might be explained by a decrease of muscle thickness associated with ageing [8] . Patient's habitus as formulated in obesity and abdominal perimeter was also proved to increase the rate of PH. De Raet and his co-workers offered a waist circumference of 100 cm as a threshold for the usage of prophylactic mesh during colostomy formation [9] . Pre-operative conditions such as emergency surgery, diabetes mellitus, ulcerative colitis, disseminated malignancy, smoking and chronic pulmonary disease have all been linked to the development of PH [10] [11] [12] . Although malnutrition and corticosteroid use are mentioned in many of the reviews as risk factors for the development of PH, to the best of our knowledge there is no study that confirms those clinically rational assumptions. Among surgical-related factors it is notable that the rate of PH is higher in colostomies compared with ileostomies and in end stomas as opposed to lateral stomas [12] [13] [14] . In addition, there is a great impact of the surgical technique involved in stoma creation. For example, the opening created in the abdominal wall is of great influence on the incidence of PH, and some surgeons have suggested the use of finger width as an index [15] while others have offered a certain ratio between bowel diameter and aperture [16] . When using an accurate measurement to create the trephine, the rate of PH dropped [17] . The correlation between the position of the stoma within the abdominal wall was studied by Sjodahl et al who demonstrated an advantage for enterostomy constructed through the rectus abdominis muscle [18] , though in similar studies this association was not statistically significant [14, 19, 20] . One study has shown better results for extra-peritoneal positioning of the stoma, but there are no prospective randomized clinical trials comparing these two methods [13, 19] . Other technical issues showing equivalent results are anchoring of the distal bowel segment to the abdominal wall [19, 20] , the site of hernia in relation to the main incision [21] and laparoscopic versus open approach [9] .
Prevention of PH
With increasing experience of mesh usage in hernia surgery, surgeons are now looking towards a preventative approach in the form of mesh placement simultaneously during stoma construction [22] . Janes et al were the first to randomize patients in a study comparing conservative stoma creation and mesh placement. After 1 year follow-up none of the patients who had stoma with preventive mesh placement had PH compared with 8/18 patients without a mesh. No mesh-related complications were documented [23] . Since then, other studies have been published including a systematic review showing a ben- efit toward reinforcement of a stoma site with a biological or synthetic mesh [24] . In summary, although the incidence of PH is variable in different articles, there seems to be a direct link between the follow-up period, patient-related factors and surgical technique. When considering the different treatment options for PH, one should consider the predisposing factors for its occurrence, as it is only logical to assume that similar factors will influence the recurrence rate after a PH repair.
Clinical Manifestations of PH
Most PHs are asymptomatic but some produce discomfort due to the irritation of the skin with bowel content, especially in the case of ileostomy. In some cases there are difficulties with the usage of stoma appliances (Fig. 1) , predominantly in the case of prolapsed bowel (Fig. 2) . Also, patients complain of pain, obstruction episodes and feeling of tension as well as psychological problems. Some PHs can cause more serious complications such as incarceration, perforation and obstruction. In those cases, the need for surgery might be urgent [13] .
The Treatment of PH
Clearly the best treatment for PH is to restore bowel continuity, but this is not always possible. Most of the patients with PH are managed with conservative treatment including diet changes, the use of stomal-supporting devices and medication [10] . About 11-70% of patients require surgery for various PH symptoms [2] . Absolute indications for operation are hernia incarceration, strangulation, obstruction, fistulization, perforation and stomal ischemia. Other indications for surgery are relative and include failure of conservative treatment, pain, ulceration of the surrounding skin and aesthetic reasons. Surgery should be avoided if at all possible in cases of terminal malignant disease or serious co-morbidity conditions such as frailty, severe cardiopulmonary disease, gross obesity and abdominal wall attenuation following multiple previous operations [25] . As in any other elective surgery, a thorough anesthetic evaluation should be done using risk stratification tools such as the American Society of Anesthesiologists (ASA) and Physiological and Operative Severity Score for the enUmeration of Mortality and Morbidity (POSSUM).
The Surgical Approach for the Repair of PH
Currently there are a variety of surgical approaches used for the repair of PH. Operations can be divided according to several characteristics: primary site repair versus relocation of stoma, the use of mesh to reinforce the hernia-stoma site or local fascial-aponeurotic repair and also an open versus laparoscopic approach.
The main advantage of primary fascial repair without a mesh is its simplicity which has made it the most prevalent type of repair for many years. An incision is made a few centimeters away from the stoma site followed by a careful dissection and exposure of the hernial sac and orifice. The repair is done using non-absorbable sutures which approximate to the hernial orifice margins. Although simple, in the era of mesh usage this technique has been virtually abandoned due to the high rate of recurrence, estimated at 46-100%, but it is still being used in specific circumstances such as an urgent operation involved with contamination.
Relocation of the stoma as suggested by Goligher [26] has the benefit of using a "fresh" abdominal wall site with the disadvantage of added abdominal dissection. This repair includes dissection of the hernia and stoma along with other parts of the bowel in order to enable stoma repositioning. It can be done through a full laparotomy incision with the risk of celiotomy- related complications or through a near-stoma incision with a nearby new stoma creation [27] . The hernia recurrence rate in this type of repair is lower in comparison to primary fascial repair, but the complication rate is higher along with significantly longer hospitalization. This approach can be difficult in patients with co-morbidities of intra-abdominal adhesions [28] . Although the use of mesh for abdominal wall incisional hernia repair has been known for years, surgeons have tended to avoid using it for repair of PH due to fear of infection. Prosthetic mesh in proximity to the abdominal contents and intestine might also cause other severe complications such as fistulas, adhesions or strictures. Nevertheless, placing a nonabsorbable mesh in an attempt to repair a PH was first published in 1977 [29, 30] . Recent studies involving mesh placement during stoma construction suggest that complication rate is low [24] . Currently three types of mesh are being used for PH repair including non-absorbable mesh, double-sided patch and biological meshes, though no conclusive data exist as to which type of mesh is preferable [31] .
The mesh repair of PH can be further classified according to its placement within the abdominal wall layer as superficial, retro-muscular and intra-abdominal [2, 32] . Similar to primary fascial repair, superficial PH mesh repair (also termed as onlay repair) involves a remote incision and dissection of the stoma as well as the peritoneal sac and hernial orifice. Closure of the stoma is an important step in order to avoid spillage and contamination. The anchoring of the mesh is done under the subcutaneous layer and above the first aponeurotic-muscle sheet layer which avoids intra-peritoneal mesh placement complications such as adhesions. The stoma is then re-formed [33] . The same basic steps of surgery, meaning adhesiolysis and hernial orifice dissection and peritoneal sac resection are needed in retro-muscular PH mesh repair (also termed as sublay repair) with a major alteration of the positioning of the prosthesis under the muscular layer. For that, a further dissection is carried out in between the abdominal wall layers to enable mesh placement. The peritoneum is then sutured to cover the abdominal content and avoid intra-peritoneal mesh placement complications. A recent meta-analysis has shown that there is no difference in terms of infection, and although not statistically significant, the onlay technique had a higher recurrence rate [32] .
The surgical approach to intra-abdominal prosthesis placement differs from other PH repairs by using an old midline or paramedian abdominal incision and avoiding surgery at the contaminated end of the stoma. Adhesions are dissected and the hernial sac content is delivered into the abdominal cavity, and the hernia orifice is then covered with prosthesis. Intra-abdominal mesh repair can be further divided into two subtypes. The Sugarbaker technique which involves laying a mesh patch over the orifice of the hernia leaving the stoma sling laid in between the abdominal wall and the abdominal surface of the mesh [34] and a slit mesh repair through which the bowel can be passed [35] .
Laparoscopic PH repair is based on two elementary rules which are complete abdominal wall dissection and the use of surgical mesh for the repair. The dissection includes discovery of the abdominal wall which may necessitate the separation of structures such as the falciform ligament and the pre-vesical space as well as the scar area to allow adequate anchoring and mesh incorporation. The mesh should cover the scar with a broad overlap of at least 5 cm in a similar way to other ventral hernia repairs. Meshes used for laparoscopic approaches must induce strong and rapid incorporation on the parietal side, and they should also prevent adhesions on the visceral side. The mesh might be placed in a modified Sugarbaker technique or slit mesh repair with a keyhole. The modified Sugarbaker technique uses minimally invasive surgery to cover the orifice of the hernia with a mesh similar to the open surgery described earlier [36] . The mesh is then fixed to the fascia with laparoscopic tackers and might be reinforced with sutures according to the surgeon's preferences. The slit mesh repair might use a designated mesh or surgeon cut mesh with a slit to enable encirclement of the bowel from within the abdomen and a keyhole through which the bowel can be passed (Fig. 3, 4 ) [37] . Different modifications have been suggested including the use of two layers of mesh [38] . According to the literature, recurrence rates are significantly lower with laparoscopic repair using the Sugarbaker compared with the keyhole technique [32] . In summary, the rate of PH is high and influenced by patient-related factors and surgical technique. In spite of the high incidence of PH the appropriate repair technique is not yet defined, and a wide range of surgical options is available. Nevertheless, local repair should be used in special cases such as emergency and frail patient, as the recurrence rates are high. Mesh repair is better than non-mesh repair, and complication rates are low. When performing laparoscopic repair the Sugarbaker technique is preferred over the keyhole technique.
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